The aim of this study was to determine the influence of native propolis on the growth performance of weaned piglets by monitoring changes to the selected biochemical parameters (total proteins, albumins, ALP, AST, ALT, GGT, GLU, UREA, CHOL and TRIG). Sixty piglets were divided into 2 groups. Piglets in the control group (CON-30) were fed with a standard feed mix (SFM) while the SFM of the piglets in experimental (EXP-30) group was daily enriched with propolis in a dose of 1 g/kg SFM. Feed intake, mortality and serum biochemical parameters were monitored regularly. In the EXP-30 group the levels of ALP, GGT, UREA, CHOL and TRIG increased while the concentration of albumins decreased compared to the CON-30 group. This study showed that propolis-enriched food positively influenced overall health, which may in the long-term provide faster growth of healthier and heavier animals.
Introduction
All agricultural industries, including the pig industry, have changed considerably over the last few decades. The pig industry is a business and as such it has to become more economically sustainable, socially responsible, environmentally aware and ethically conscious (HUYNH et al., 2007) . To remain competitive and profitable on the market, producers use automation, and they take care of their animals' nutrition, health and reproduction. To prevent mortality, diseases and low yields, they use antibiotic growth promoters. According to LANDERS et al. (2012) antibiotic growth promoters are compounds used to "help growing animals digest their food more efficiently, get maximum benefit from it and allow them to develop into strong and healthy individuals". However, the unreasonable use of antibiotic growth promoters has given rise to the fear of the development of resistant bacteria and their transfer from animals to humans (CHENG et al., 2014) . Therefore, over the last few decades new growth promoters have been introduced. They are antibacterial vaccines, immunomodulatory agents, bacteriophages and their lysines, antimicrobial peptides (AMPs), pro-, pre-, and synbiotics, plant extracts, inhibitors for bacterial quorum sensing (QS), biofilm, and virulence and feed enzymes (MILLET and MAERTENS, 2011) .
This study is a continuation of our previous studies dealing with natural supplements as an alternative to antibiotics in the production of wholesome meat for human consumption (ŠPOLJARIĆ et al., 2013) . In this study, we explored the influence of propolis, a well known immunomodulator (ORŠOLIĆ et al., 2002) , on the growth and overall health of weaned piglets, to see if it can improve the production performance.
Propolis is a resinous mixture that bees collect from plants and trees or other plant sources. Raw propolis is typically composed of 50% plant resins, 30% wax, 10% essential and aromatic oils, 5% pollen and 5% other organic substances (HUANG et al., 2014) . According to the chemical structure, most of the compounds belong to the following classes: flavonoids, phenylpropanoids, terpenoids, stilbenes, lignans, coumarins and their prenylated derivatives. The antioxidant, antimutagenic, immunomodulatory and cytostatic effects of propolis are associated with its flavonoid, phenolic acid and terpenoid content (FARNESI et al., 2009; ARSLAN and SEVEN, 2017) . Flavonoids, as the major constituents of propolis, contribute greatly to its pharmacological activities. Flavonoids, together with cinnamic acid derivatives, such as: acacetin, quercetin, naringenin, caffeic acid phenyl ester (CAPE) and caffeic acid (CA), are responsible for its anti-inflammatory activity, while its antimicrobial activity is primarily associated with the presence of bioactive phytochemicals, such as: phenolic acid, cinnamic acid, pinocembrin, galangin, pinobanksin and their structural analogues (KROL et al., 1993; KOO et al., 2000; ALMEIDA and MENEZES, 2002; STEPANOVIĆ et al., 2003; FARNESI et al., 2009; GUZMAN, 2014) .
This study aimed to determine the effects of propolis on the growth performance, mortality and overall health of weaned piglets, by monitoring changes to the selected serum biochemical parameters (glucose, albumin, total protein, cholesterol, triglycerides, urea, alkaline phosphatase (ALP), aspartate aminotransferase (AST), alanine aminotransferase (ALT), Gamma-Glutamyl Transferase (GGT) in the first few week after weaning.
Materials and methods
Propolis. Native propolis was used from a commercial beekeeping family farm in eastern Croatia (Ivanić Grad). Freshly picked, native propolis was first cooled to -20 I. Stolić et al.: Effect of native propolis on biochemical parameters in weaned piglets°C and was then ground into pieces. A raw sample was prepared for testing according the procedure by ŠPOLJARIĆ et al. (2013) . The presence of heavy metals in the native propolis was analysed using a SEM electronic microscope, Philips XL 30, with an EDX detector, using the Genesis version 6.02 program package (the Ivan Vučetić Centre for Forensic Investigations, Research and Expertise, Zagreb, Croatia).
Piglets. The experiment was conducted on a commercial pig farm (Polonje, Sveti Ivan Zelina, Croatia). Sixty piglets were used in the experiment (cross-breeds of Swedish Landrace and Yorkshire), females and castrates, a uniform weight of about 7 kg, aged 28 days. The piglets were weaned and divided into two groups, CON-30 (30 piglets) and EXP-30 (30 piglets) at 26 days of life. The experiment began with the weaned piglets after two days of adjustment to new conditions (28 days of life).
Study design and procedures. The piglets were divided into two groups (control and experimental) with 30 piglets in each group, and kept in individual boxes within the same barn. The experiment lasted 28 days (up to 56 days of life). The piglets in the control group were fed with a standard feed mix (the grain-soybean meal-based diet recipe, according to farm owner, was composed of: crude proteins 20.0%, crude fat 50.0%, crude fibre 3.7%, calcium 0,6%, phosphorus 0.51%, sodium 0.29%, lysine 1.64%, methionine and cysteine 0.83%; ME/MJ 14.05). The piglets in experimental groups were fed daily with standard feed mix enriched with 0.1% (1g per 1kg food) of propolis. During the experiment food and water were available ad libitum. All the procedures used in this research were in compliance with the European guidelines for the care and use of animals in research (Directive 2010/63/EC) and had approval from the Ethics Committee for Animal Experimentation, Faculty of Veterinary Medicine, University of Zagreb, Croatia (records No.: 640-01/13-17/36; file No.: 251/61-01/139-13-2).
Monitoring of health indicators. The piglets were weighed at weekly intervals during the experiment, and changes in their body weight were recorded. Body weight gain was calculated as the initial and final weights of the different periods. The pigs were monitored daily for diarrhoea and other clinical signs of health disorders, such as anorexia and weight loss. The intensity of diarrhoea was determined by the faecal consistency scoring method, as described previously by VALPOTIĆ et al. (2016) .
Blood sampling and analysis. Blood samples for biochemistry analysis were collected on the 0, 14 th , 21 st , and 28 th days of the experiment. Blood samples (3 mL) were taken from the cranial vein into glass tubes for serum biochemistry (Venosafe, Terumo, EU)containing gel and ClotAct. (3.5 mL). Blood was collected from seven marked (by numbers 1-7) piglets in each group.
Serum biochemical parameters. Serum proteins, albumins, liver enzymes (alkaline phosphatase (ALP), aspartate aminotransferase (AST), alanine aminotransferase (ALT), Gamma-Glutamyl Transferase (GGT), glucose, urea, cholesterol and triglycerides were determined by the standard methods using an Olympus AU 600 analyser (Olympus Diagnostic, Hamburg, Germany). The obtained results were evaluated in relation to the reference values for domestic pigs (JACKSON and COCKCROFT, 2007) .
Statistical analysis. The software packages JMP 7.0 (Business unit if SAS, SAS inc.) and Orgin 7.0 were used for statistical analysis. The normality of data distribution was tested using the Kolmogorov-Smirnovim test. The significance of differences between the experimental and the control group was determined by the Student T-test. Analysis of variance was used for determining the significance of differences between individual weighing within the groups (ANOVA Repeated Measures, with the Unequal n HSD test for post-hoc analysis). The level of statistical significance was p<0.05. All data are presented as mean ± standard error of the mean (SEM).
Results
Exhaust gases from vehicles and industry, along with other pollutants are the main sources of heavy metals which are the most common toxic contaminants of living organisms. Taking into consideration the possible contamination of propolis with toxic metals that may affect the normal development of the piglets, heavy metal analyses were conducted. Heavy metals analysis by SEM electron microscope did not reveal any metals in the propolis sample (Fig. 1) . 
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The results of the present study indicate that propolis supplementation does not affect body weight. At the beginning of the experiment the average mass of the piglets in the CON-30 group was 6.8 ± 0.2 kg and in the EXP-30 group it was 6.6 ± 0.2 kg. At the end of the experiment (28 th day) piglets in the CON-30 group had an average mass of 10.9 ± 0.4 kg, and in the EXP-30 group, 10.6 ± 0.4 kg. However, propolis did affect the number of cases of diarrhoea. Piglets in the control group had diarrhoea more frequently (6/30) than the piglets in the experimental group (2/30). In both groups piglets with profuse diarrhoea died.
The values of the biochemical parameters for both groups are summarized in Table  1 . In both groups the most significant changes occurred within the first two weeks of the experiment, after which the values of most parameters did not change significantly. At the end of the experiment, in both groups the concentrations of total proteins (TP) and UREA, and the level of hepatic enzymes (ALP, AST, ALT and GGT) had increased, while the concentration of abumins (ALB) had decreased. Concentrations of CHOL and TRIG in the CON-30 group decreased while in the EXP-30 group they increased (Table 1) . 
Discussion
It is well-known that a stronger and more permanent immune system increases growth, food absorption, and reproductive potential (POTOČNJAK et al., 2012) . Our present results indicate that the addition of native propolis did not affect the piglets' mass. Piglets in both groups gained approximately the same weight after 4 weeks of the experiment. Of all diseases in the post-weaning period diarrhoea is the most important. It is responsible for high morbidity and mortality, and as such causes enormous economic loss. This experiment showed that the addition of propolis reduced diarrhoea. The EXP-30 group had three times less diarrhoea than the CON-30 group. In both groups piglets with profuse diarrhoea died.
Our present results indicate that the concentrations of total proteins (TP) and glucose (GLU) were not influenced by propolis treatment (Table 1 ). The concentration of proteins in both groups increased up to 15%, while the concentration of glucose was imperceptibly changed. The activity of the enzymes ALP, AST, ALT and GGT indicate the state of the tissues and organs for which these enzymes are specific, while levels higher than the standard indicate damage to muscle tissue, liver function and bile acid (BOBIĆ et al., 2009) . The activities of the serum marker enzymes (AST, ALT and ALP) were found to be elevated but within physiological values in both groups (Table 1) . Propolis did not affect the levels of AST and ALT enzymes, in both groups an increase between 50-70% was observed. However, propolis affected the concentrations of albumins and urea, as well as the levels of GGT and ALP enzymes. At the end of experiment it was observed that the addition of propolis on average reduced the concentration of albumins in the EXP-30 group by 30%, and elevated the levels of ALP, GGT and urea by an average of 60-70% compared to the control group. Elevated activity of hepatic enzymes in plasma occurs as a result of the hepatic induction of the enzyme (PURKINS et al., 2003) . The ingredients of propolis that are responsible for elevated level of the ALP enzyme are isoflavonoids, such as daidzein and genistein. Isoflavonoids are natural endocrine active compounds generally considered to promote health, and prevent or slow the onset of certain chronic diseases, such as osteoporosis (NISCHIDE et al., 2015; ZHENG et al., 2017) . A number of studies have reported that soy isoflavonoid dose-dependently inhibits bone loss in both female and male osteoporotic animal models (REINWALD and WEAVER, 2006) . Alkaline phosphatase (ALP) is an enzyme present in a number of tissues, including liver, bone, intestines, and placenta. Level of this enzyme are elevated in disorders of the skeletal system, such as osteoblast hyperactivity and bone remodelling, hyperparathyroidism, rickets, malignant tumours, growth and so on (ROSOL and CAPEN, 1999) . In this study, the higher level of ATP was the result of the skeletal disorder associated with the growth of young animals. The amount of cholesterol in pig tissues generally increases over time (WERDI PRATIWI et al., 2006) . From literature is known that the total cholesterol I. Stolić et al.: Effect of native propolis on biochemical parameters in weaned piglets concentration in pigs is related to LDL and HDL cholesterol concentrations (RAUW et al., 2007) . In addition, a positively phenotypically correlation was observed between total cholesterol plasma and triglyceride plasma levels. The results of the present study indicate that cholesterol and triglyceride plasma levels measured in both groups were very highly positively related. At the end of the experiment, concentrations of cholesterol and triglycerides in the CON-30 group decreased by approximately 40% while in EXP-30 group their values increased, cholesterol up to 16% and triglycerides up to 43%. The only significant difference was the increase of more than 40% in triglycerides.
Conclusion
The health-promoting properties of propolis and its physiological effects depend on a range of factors, including chemical composition, relating to the concentration, absorption and metabolic transformation of individual compounds as well as the administered dose. In the blood serum of piglets fattened with the propolis supplement a significantly higher level was found of cholesterol (by 16%), triglycerides (by 40%), urea, gammaglutamyltransferase and asparagine aminotransferase (by approximately 60-70%) while the concentration of albumins was significantly reduced (by 30%) compared to the CON-30 group. Other test parameters were not affected by propolis addition. The changes observed in both groups were within the physiological range of indicators of growth and development of young animals. The more pronounced changes in the experimental group may be attributed to the immunomodulatory activity of propolis. Piglets in the experimental group had lower incidence of diarrhoea, due to the presence of antimicrobial compounds such as cinnamic acid and their derivatives. The significant increase in the level of alanine aminotransferase enzymes in their blood indicates faster growth, from which the influence of propolis is noticeable, that is its ingredients such as isoflavonoids, on the animals' development. This study showed that propolis-enriched food had a positive influence on overall health, which can in the long-term lead to faster growth of heavier and healthier animals.
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